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Abstract 
Steam reforming of methane is a candidate process for converting concentrated high-temperature solar heat to chemical fuels 
because it is a high-temperature, highly endothermic process. We developed a tubular reformer system using novel double-walled 
reactor tubes with molten-salt thermal storage for solar reforming to produce hydrogen or synthetic gas (CO + H2) from a gas 
mixture of methane and steam using concentrated solar radiation as an energy source. The high heat capacity and large latent heat 
(heat of solidification) of the molten salt circumvents rapid temperature changes in the reactor tubes at high temperatures under 
fluctuating insolation. In this paper, we focused on under intermittent heating–cooling mode, the steam reforming performance of 
double-walled reactor tubes with Na2CO3/MgO composite thermal storage in comparison to pure Na2CO3 thermal storage. A 
heating mode using an electric furnace simulates reactor startup in the morning and reheating of the reactor by concentrated solar 
radiation after brief periods of cloud passage. The intermittent heating–cooling mode simulates fluctuating incident solar 
radiation during cyclic short-term cloud passage. The temperature variations of the catalyst and storage material, methane 
conversion, and higher heating value power of the reformed gas were examined for the double-walled reactor tubes and a single-
wall reactor tube without thermal storage. 
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1. Introduction 
Steam and CO2 reforming processes are both candidates for converting concentrated high-temperature solar heat 
to chemical fuels because they are high-temperature, highly endothermic processes [1,2].  
 
CH4 + H2O(g) = CO + 3H2 'H298K = 206 kJ,  (1) 
CH4 + CO2 = 2CO + 2H2  'H298K = 247 kJ.  (2) 
 
The above reactions theoretically can upgrade the calorific value of a natural gas or methane feed by 22%–28% if 
the process heat is supplied by concentrated solar radiation. The solar reforming of methane to produce solar-
upgraded hydrogen and synthetic gas has been investigated and demonstrated by using dish- and tower-type solar 
concentrating systems [3–18]. The solar-processed hydrogen and syngas can be readily converted to easily 
transportable liquid fuels such as ammonia (NH3), methanol (CH3OH), and DME (CH3COCH3). They can also be 
used for a conventional gas turbine or a combined cycle to generate solar electricity.  
Concentrated solar radiation is used as an energy source to drive the reforming process. Solar radiation has the 
distinctive properties of high density, a heterogeneous distribution of thermal flux, and frequent thermal transients 
owing to the fluctuating insolation resulting from cloud passage. Thus, a solar reformer or solar reactor is modified 
to effectively receive the concentrated solar radiation and drive the solar reforming process. Some solar-specific 
reformers have been developed, such as a tubular reformer with an integrated heat exchanger [3], a directly 
irradiated metal tubular reactor [4–9], a volumetric receiver–reactor [10–13], a fluid-wall aerosol flow reactor [14], 
and a directly irradiated carbon particle reactor [15]. In the directly irradiated metal tubular reformer, the 
concentrated solar radiation is directly absorbed by the exterior metallic wall of the reactor tube, indirectly heating 
the catalyst bed inside the tube [4–9]. The technology was tested by building a single, small tower module of 500 
kW solar capacity that would demonstrate larger-scale reforming [16–18].  
Solar tubular reformers have operated under fluctuating incident solar radiation. However, catalytic methane 
reforming always requires stable temperature operation even under intermittent insolation due to cloud passage. 
Thus, we have studied a tubular reformer system using novel double-walled reactor tubes with molten-salt thermal 
storage at high temperatures [19–24]. The reforming catalyst was packed into the internal tube of the double-walled 
reactor tube, and the phase change material (PCM) acting as a thermal storage medium was packed into the outer 
annular regions between the internal tube and the external solar absorber tube. Rapid temperature changes in the 
reactor tubes can be circumvented under fluctuating insolation because of the high heat capacity and large latent 
heat (heat of solidification) of the molten salt at high temperatures.  
We have tested the double-walled reactor tubes with molten-salt thermal storage for CO2 reforming [19–24]. In 
this paper, we examine steam reforming by using the double-walled reactor tubes with molten-salt thermal storage 
for solar steam reforming. In particular, we focus on the reforming performance of the double-walled reactor tubes 
with Na2CO3/MgO composite thermal storage in intermittent heating–cooling mode. A heating using an electric 
furnace in intermittent heating–cooling mode simulates reactor startup in the morning and reheating of the reactor by 
concentrated solar radiation after brief periods of cloud passage. The intermittent mode simulates fluctuating 
incident solar radiation during cyclic short-term cloud passage. We examined the temperature variations of the 
catalyst and storage material, methane conversion, and higher heating value (HHV) power of reformed gas for the 
double-walled reactor tubes and a single-walled reactor tube without thermal storage. 
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2. Selection of molten-salt thermal storage for use in steam reforming 
The melting point, latent heat, and sensible heat of various molten-salt thermal storage media are listed in Table 1. 
The equilibrium chemical composition in steam methane reforming based on a thermodynamic theoretical 
calculation is shown in Fig. 1. The thermodynamic calculation was performed for methane/steam = 1:3, assuming 
solar methane reforming. As shown in Table 1, these molten salts were selected for thermal storage because they 
have melting points of 700–1000qC that are appropriate for steam reforming. Among them, fluorite molten salts had 
a high latent heat of solidification at the melting point and high sensible heat arising from the temperature 
dependence of the large heat capacity Cp, but they were excluded because of their strong corrosivity. In addition, 
chloride molten salts were not tested as thermal storage media for the same reason. Carbonate molten salts exhibit 
relatively mild corrosivity compared to fluorite and chloride molten salts. In particular, sodium carbonate (Na2CO3) 
has a much large heat capacity Cp and a large latent heat of solidification at the melting point [19–24].  
However, the thermal conductivity of Na2CO3 is very low for a thermal storage medium [19–24]. In contrast, 
MgO ceramic particles have a high thermal conductivity. Thus, a Na2CO3/MgO composite material will have both a 
high sensible/latent heat and high thermal conductivity. In addition, the composite material will be able to retain and 
immobilize the molten Na2CO3 within the porous sintered-ceramic network formed by the MgO particles [25,26]. 
Thus, the molten salt may be retained within the pores by the capillary or surface tension forces. This effect is 
expected to alleviate the thermal stress to which the reactor is subjected at high temperatures compared with that of 
the molten salt alone, reducing the corrosivity and enhancing the durability of the reactor. 
 
 
Table 1. Melting point, latent heat, and sensible heat  
for various molten salt thermal storage media.  
 
 
 
 
 
 
 
 
 
 
Figure 1. Equilibrium chemical composition in steam methane reforming 
(methane/steam = 1:3). 
3. Concept of solar reformer tubes with molten-salt thermal storage  
Various shapes and designs for solar tubular reformers have been conceived. Several cavity-type reformers using 
directly solar-irradiated reactor tubes [7,11,16,17] were summarized in our previous paper [21]. We tested a double-
walled reactor tube with a molten salt/MgO composite material for use as a solar tubular reformer driven by 
concentrated solar irradiation [19–24]. Figure 2 illustrates schematically a solar reactor using the proposed double-
walled reactor tubes. To use this type of reactor, in which an internal catalyst tube is installed in the center of an 
external PCM tube, as a cavity-type reformer, solar heat must be conducted through the two container walls as well 
as through a layer of relatively low-thermal-conductivity PCM to reach the catalyst and reactant gases in the internal 
tube during solar radiation. Solar reforming occurs at high temperatures (>800qC) by direct solar irradiation of the 
external PCM tube wall.  
As seen in Fig. 2(a), if the reactor tubes operate in the heat-charge mode, concentrated solar radiation first heats 
the reactor wall, and the solar heat is transferred through the PCM layer to a catalyst bed and reactant gases in the 
internal tube. Thus, this mode can store part of the solar heat in the PCM and continue the reforming process in the 
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internal tube during solar radiation. However, if a fully cooled reactor is heated in the morning for reactor startup 
and the reactor is re-heated after a brief period of cloud passage, the reactor tube must provide rapid heating of the 
reactor and smoothing of temperature fluctuations. As shown in Fig. 2(b), if the passage of clouds depresses or 
interrupts direct solar insolation only for short periods of time (the reactor tubes operate in the heat-discharge mode), 
this internal reactor configuration will delay the cooling of the internal catalyst bed owing to the heat supply from 
the PCM (cooling or heat-discharge mode).  
When the reactor cools to below 680qC, as shown in Fig. 1, the reactant gas must be stopped to prevent 
deactivation of the catalyst because of coking. Subsequently, when the fully cooled reactor reheats after long-term 
cloud passage (solar-heating mode), the molten salt/MgO composite material may possibly conduct the irradiated 
solar heat to the internal catalyst tube sooner than when 100 wt% of molten salt is packed into the external tube of 
the reactor. The reactor tubes have never been evaluated in heat-charge mode. In this study, we examined the 
performance of the reactor tubes during steam reforming of methane in heat-charge mode and the subsequent heat-
discharge mode at the laboratory scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Operation mode of solar reforming by double-walled reactor tube with molten-salt thermal storage. 
 
4. Experimental procedure  
4.1. Double-walled reactor tubes  
The double-walled reactor tubes (length 364 mm) tested for steam reforming of methane were fabricated from 
Inconel 600. The external PCM container tube had an outer diameter of 60 mm and a thickness of 3 mm. The 
internal catalyst tube had an outer diameter of 13.8 mm and a thickness of 2 mm. A composite sodium carbonate 
(Na2CO3) and MgO material acting as the PCM was packed into the gap between the internal and external tubes. 
Thermal storage media consisting of 1400 g of pure Na2CO3 or 1400 g of 90 wt%Na2CO3/10 wt%MgO were packed 
into the annular regions between the reactor tubes. The Na2CO3/MgO composite material was pressed to form 
pellets, which were calcined at 950qC for 2 h in air. After calcination, the composite material was ground. The 
powdered material was packed into the annular region between the internal and external tubes of the double-walled 
reactor; it was then densely packed by pressing and thumping using a metal stick. The reactor was placed vertically 
in an electric furnace and heated to 1000qC to develop a ceramic network in the composite [21]. After cooling to 
room temperature, the composite material in the annular region was pressed again to maximize the empty space in 
the upper part of the external tube. This empty space was filled with powdered composite material, which was again 
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densely packed by pressing and thumping. The reactor was again heated to 1000qC. These loading and heating 
processes were repeated three or four times to achieve a densely packed composite material in the external tube. 
4.2. Intermittent heating test of the reactor tubes  
The intermittent heating test of the reactor tubes includes two operation modes: 1) heat-charge mode to simulate 
direct heating of the reactor tubes by concentrated solar radiation, and 2) heat-discharge mode to simulate solar 
reforming during cloudy periods.  
Figure 3 shows the experimental setup of the double-walled reactor tube for the intermittent heating test. The 
internal tube of the reactor was packed with 2 wt% Ru-supported Al2O3 cylinder solids (20 g; diameter 3 mm; 
supplied by N.E. CHEMCAT, Inc.), and the composite material was packed into the external tube of the reactor. K-
type thermocouples were inserted into the center of the catalyst bed and molten-salt thermal storage layers, in the 
outer reactor wall, in the outlet tube for outlet gas flow, between the reactor tubes and electric furnace, and on the 
outer surface of the thermal insulator. The main body of the reactor tube was heated to 600qC by the electric furnace 
with a constant power of 2.8 kW while a gas mixture of steam and nitrogen was passed into the internal catalyst bed 
to avoid coking of the catalyst. After the main body reached 600°C, a feed gas mixture of CH4 and steam (molar 
ratio of 1:3) was introduced into the internal catalyst tube (flow rate = 5 dm3min−1; gas hourly space velocity = 
10,932 h−1) at atmospheric pressure at room temperature. After the temperature of the molten-salt thermal storage 
exceeded 858qC (the melting point of Na2CO3), the cylindrical furnace powered off, and the reactor tubes began to 
cool by natural convection. The reactor was gradually cooled while passing the CH4/steam mixture for observation 
of the variations in the reforming performance during cooling (methane conversion versus cooling time). The 
periods of cooling varied from 70 to 120 min. The temperatures (Trw, Tpcm, and Tcat) of the reactor tube were 
measured by K-type thermocouples, where Trw, Tpcm, and Tcat represent the temperature of the reactor at the exterior 
absorber wall, the composite material, and the catalyst bed in the inner tube, respectively. The heating mode of the 
reactor tube operated as follows: after the reactor was cooled for 70–120 min, the reactor tube was again heated to 
858qC under a constant power (2.8 kW) of the electric furnace while the CH4/steam gas mixture continued to be 
passed into the internal catalyst bed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Experimental setup for steam reforming using double-walled reformer tubes with molten-salt thermal storage. 
The effluent gases from the reactor were passed through a water trap to remove steam, and then partially sampled 
and analyzed to determine the gas composition by gas chromatography equipped with a thermal conductive detector 
(Shimadzu, GC-8A). The methane conversion X was estimated using the following equation: 
    
224
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X
COHCH
COH

 ,     (3) 
where yCH4, yCO2, and yH2 are the mole fractions of CH4, CO2, and H2, respectively, in the effluent gas. 
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A single tubular reactor without thermal storage, but with a catalyst inside the tube, was also tested under the 
same conditions. The temperature variations in the reactor tubes, methane conversion, and HHV power of the 
reformed gas were compared with those of the double-walled reactor tubes in the heat-charge mode and the 
subsequent cooling or heat-discharge mode. 
5. Results and discussion  
Figure 4 shows the time variations of the catalyst bed temperature Tcat in the single-walled reactor without 
thermal storage during the heat-discharge and subsequent heating modes. When the temperature Tpcm of the catalyst 
bed exceeded 858qC, the electric furnace was powered off, and the cooling mode started. Tcat was room temperature 
at time t = 0. As shown in Fig. 4, as the heating time increased, Tcat rapidly increased, reaching more than 1000qC. 
The maximum catalyst bed temperature was 1018qC after a heating time of 54 min, and the reactor wall temperature 
(Trw) reached 1020qC. A discontinuous point appeared at 600qC in the first profile in heating mode because the feed 
gas was changed from a gas mixture of steam and nitrogen to a CH4/steam mixture (molar ratio of 1:3) for 
endothermic steam reforming. After steam reforming began, the bed temperature Tcat increased without a decrease in 
the reforming rate because of the endothermic reaction. The results in heat-charge mode indicate that the single 
reformer tube can operate an endothermic reforming process under a continuous heat supply. After the furnace was 
powered off (heat-discharge mode), Tcat and Trw dropped significantly to 745qC and 787qC, respectively, in 10 min. 
Subsequently, Tcat = 607qC and Trw = 646qC after 20 min of cooling time. Thus, it is necessary to stop the reactant 
gas to prevent deactivation of the catalyst when the cooling time was more than 20 min. The results in heat-
discharge mode indicate that the single reformer tube rapidly cooled for the first 20 min of a brief period of cloud 
passage. Thus, it will be difficult to continue the reforming process under fluctuating weather conditions.  
Figure 5 shows the time variations in the catalyst bed temperature Tcat in the double-walled reactor tubes with 
thermal storage media during the heat-discharge and subsequent heating modes. A discontinuous point appeared at 
600qC in the first profile in heating mode, indicating that the reforming process will begin at this temperature if the 
feed gas is switched. For the reactor tubes with 100 wt% Na2CO3, as the heating time increased, Tcat gradually 
increased, reaching ~1000qC. Namely, the maximum catalyst bed temperature was 970qC after a heating time of 90 
min, and the reactor wall temperature Trw was 1018qC. The results in heat-charge mode indicate that the double-
walled reactor tubes require a longer period of time than the single reactor tube to heat all of the reactor tubes. After 
the furnace was powered off (heat-discharge mode), Tcat and Trw dropped to 950qC and 959qC, respectively, in 10 
min. Subsequently, Tcat = 875qC and Trw = 888qC after 20 min of cooling time, Tcat = 815qC and Trw = 865qC after 
30 min, Tcat = 758qC and Trw = 841qC after 40 min, and Tcat = 695qC and Trw = 797qC after 50 min. Thus, the 
double-walled reactor tubes with molten-salt thermal storage media will exhibit delayed cooling, maintain a high 
temperature, and continue the reforming process by heat discharge from the thermal storage during cloud passage 
for less than ~1 h. This is an advantage for the use of the reactor tubes in solar reforming. For the reactor tubes using 
the 90 wt%Na2CO3/10 wt%MgO composite material, the heating performance until 600qC was almost the same as 
that of the reactor tubes with 100 wt% Na2CO3. However, above 600qC, the catalyst bed temperature was less than 
that of the tubes with 100 wt% Na2CO3. Namely, the maximum Tcat was 904qC after a heating time of 94 min, and 
the reactor wall temperature Trw was 1012qC. The results for the double-walled reactor tubes in heat-charge mode 
indicate that the composite thermal storage medium can maintain a slightly higher catalyst bed temperature than 100 
wt% Na2CO3 at less than 600qC, but the 100 wt% Na2CO3 provides higher catalyst bed temperatures than the 
composite material above 600qC.  
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Figure 4. Time variations in catalyst bed temperature Tcat for single 
reformer tube without thermal storage in heat-charge (heating) and 
subsequent heat-discharge (cooling) modes. 
 
  
 
 
 
 
 
 
Figure 6. Time variations in methane conversion for single tube without thermal storage (black line) and double-walled reformer tube with 
thermal storage (blue and green lines) in heat-charge and subsequent heat-discharge modes.  
Figure 6 shows time variations in methane conversion for the single tube without thermal storage and the double-
walled reformer tube with thermal storage in the heat-charge and subsequent heat-discharge modes. In the first heat-
charge mode, methane conversion rapidly increased for the single tube compared to that in the reformer tubes with 
thermal storage media. All of the tubes required ~12 min before the methane conversion reached 100%. For the 
single tube without thermal storage, 100% methane conversion continued for 6 min and 12 min periods in heat-
charge and heat-discharge modes, respectively (namely, 100% methane conversion continued for a total of 18 min 
for the single tube). After further 21 min of cooling time, the methane conversion was less than 80%. For the 
reformer tubes with thermal storage media (100 wt% Na2CO3 and 90 wt%Na2CO3/10 wt%MgO composite material), 
a heat-charge mode continued for ~30 min, after which a heat-discharge mode began. Poor heat transfer from the 
thermal storage media will delay the increase in the catalyst bed temperature in the heat-charge mode. After the 
heat-discharge mode began, 100% methane conversion continued until 57 and 48 min had passed for the 100 wt% 
Na2CO3 and 90 wt%Na2CO3/10 wt%MgO composite, respectively. These reformer tubes could maintain high 
methane conversion rates of more than 80% in the heat-discharge mode (for a total of 70 min). Thus, the use of 
thermal storage media obviously suppresses the decreases in the catalyst temperature and methane conversion 
compared to the reformer tube without thermal storage material.  
After the first heat-discharge mode, a second heating mode began. About 21 min were required for the methane 
conversion to recover to 100% in the single reformer tube. This is because the methane conversion dropped sharply 
to 16% during the first cooling mode. If we use the single tube for solar reforming, the reactant gas will be stopped 
at a temperature of 680qC to prevent deactivation of the catalyst because of coking. For the reformer tubes with the 
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pure and composite thermal storage media, the methane conversion recovered to 100% after 12 and 18 min, 
respectively. In addition, the methane conversion rate varied between 80% and 100%. These results indicate that the 
reformer tubes with thermal storage media can recover methane conversion at more than 80% within 20 min after 
cloud passage. 
 
  (a) 
 
 
 
 
 
 
 
 
 
 
  (b)                  (c) 
 
 
  
 
 
 
 
 
 
Figure 7. Time variations in chemical composition of reformed gas for (a) single tube without thermal storage and double-walled reformer tube 
with thermal storage media of (b) 100 wt% Na2CO3 and (c) 90 wt%Na2CO3/10 wt%MgO composite in heat-charge and subsequent heat-discharge 
modes.  
Figure 7 shows the time variations in the chemical composition of the reformed gas in the heat-charge and 
subsequent heat-discharge modes. For the single tube without thermal storage, as shown in Fig. 7(a), hydrogen was 
synchronized with methane conversion and fluctuated during the intermittent heating–cooling cycle. Methane 
exhibited the opposite behavior from hydrogen. Carbon monoxide was coupled with hydrogen during the 
intermittent heating–cooling cycle. Carbon dioxide also increased as methane conversion decreased. These results 
suggest that side reactions (for example, CO + H2O = H2+ CO2 and CH4 + 2H2O = 4H2 + CO2) may proceed in 
addition to the reforming reaction [CH4 + H2O(g) = CO + 3H2] in the cooling mode. The trends in H2, CO, and CO2 
production are identical to the thermodynamic calculation shown in Fig. 1. For the reformer tubes with a thermal 
storage medium of 100 wt% Na2CO3, all of the chemical compositions were stable during the intermittent heating–
cooling cycle and were almost identical with the thermodynamic calculation. For the reformer tubes with the 90 
wt%Na2CO3/10 wt%MgO composite material, the chemical compositions fluctuated slightly during the intermittent 
heating–cooling cycle. These results indicate that the reformer tubes with thermal storage media can maintain a 
stable reforming reaction and suppress fluctuations in the chemical composition during intermittent insolation. If a 
cloud passage continues for ~70 min, the chemical composition of the reformed gases will stabilize within 20%. The 
100 wt% Na2CO3 can suppress fluctuations in the chemical composition during cooling and reheating of the reactor 
better than the composite material.  
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Table 2. Amount of HHV power in each mode for the three 
reformer tubes tested. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Thermal energy of reformed gases in each mode for 
intermittent heat-charge and heat-discharge modes. 
 
 
Figure 8 represents the thermal energy of the reformed gas in each mode for the single reformer tube and double-
walled tubes with thermal storage media of 100 wt% Na2CO3 and 90 wt%Na2CO3/10 wt%MgO composite. The 
thermal energy was calculated on the basis of the HHV of the reformed gases. The total HHV of the reformed gases 
for the tubes with thermal storage was about twice that of the single tube without thermal storage. The difference in 
the HHV between the reformer tubes with pure and composite materials was very small. These results indicate that 
the reforming performance as indicated by the HHV was not greatly enhanced for the composite material, although 
MgO particles with high thermal conductivity were combined with Na2CO3 molten salt. The reason for the strange 
reforming performance is considered in Fig. 9, which shows the time variations in the molten salt temperature for 
the reformer tubes with thermal storage during the first heat-charge mode. When the Na2CO3 molten salt is in the 
solid state (<858qC), the composite shows a more rapid temperature increase than 100 wt% Na2CO3. This is one of 
the effects of the addition of MgO. However, when the Na2CO3 molten salt is in the liquid state (>858qC), the 
temperature increase in the composite gradually slows, and higher temperatures are obtained for the 100 wt% 
Na2CO3. A possible explanation is that the MgO composite may suppress convective heat transfer from the molten 
Na2CO3 salt, and the thermal conductivity decreases for the composite at temperatures above 858qC. 
If we use the tubes with 100 wt% Na2CO3 for solar reforming, they can maintain high methane conversion for a 
longer time and increase the amount of reformed gases compared to the tubes with the 90 wt%Na2CO3/10 wt%MgO 
composite. However, the convective heat transfer of molten Na2CO3 salt is expected to accelerate the corrosion of 
the reformer tubes. On the other hand, if the tubes with the composite are used for solar reforming, the period of 
higher methane conversion is prolonged by about three times, and the amount of reformed gas is increased by about 
two times compared to those of the single reformer tube without thermal storage. Thus, for solar steam reforming of 
methane, the double-walled reformer tubes with the 90 wt%Na2CO3/10 wt%MgO composite will have an advantage 
over the single reformer tube and the double-walled tube with 100 wt% Na2CO3.  
  
Testing Mode 100wt%Na₂CO₃HHV[kWh]
90wt%Na₂CO₃/
10wt%MgO 
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Single reformer 
tube HHV[kWh]
1 st
Heating 0.45 0.44 0.28 
Dis-charging 1.13 1.11 0.60 
2 nd
Heating 0.56 0.55 0.31 
Dis-charging 1.45 1.41 0.76 
3 rd
Heating 0.55 0.53 0.30 
Dis-charging 1.83 1.75 0.80 
Total 5.98 5.79 3.04 
0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
H
H
V
 [k
W
h
]
3rd cooling
3rd heat-charging
2nd cooling
2nd heat-charging
1st cooling
1st heat-charging
100wt%
Na΍COΎ
90wt%Na΍COΎ/
10wt%MgO
Single reformer tube 
without thermal storage
 N. Gokon et al. /  Energy Procedia  49 ( 2014 )  1940 – 1949 1949
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Time variations in molten salt temperature for reformer tubes with thermal storage media during first heat-charge mode. 
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